Abstract-Hydrogen produces no harmful by-products upon combustion, but it is highly flammable gas over a concentration of 4% in the air. In order to use hydrogen gas safely, therefore, the hydrogen safety sensor is required wherever using the hydrogen gas. Conventionally, Palladium (Pd) metal has long been used for the safety sensors because of its high hydrogen sensitivity and selectivity to other gases. In this study, we demonstrated the hydrogen sensing using Pd nanowire array as a proto-type sensor. Especially we focused on fabricating a proto-type hydrogen safety sensor and evaluating the sensing performance of the sensor.
INTRODUCTION
Hydrogen sensor has been extensively studied for a long time because of its safety reason. Even though several different types of hydrogen sensors utilizing hydrogenselective Pd metal have been studied [1] [2] [3] , a sensor based on resistance change of Pd nanowires upon hydrogen incorporation has been recently reported and attracted much attention since the sensor has shown extremely low power consumption and very short response time much less than 1 second [4] . Indeed, it has been shown that the sensor using mesoscopic nanowires exhibits extraordinary behavior compared with conventional macroscopic-scale sensors [5] . Even though a pioneering work by Walter [6, 7] , has initiated the intense interests on the hydrogen sensors utilizing the Pd nanowires, the sensors have not been proven suitable for the hydrogen safety sensors since the sensor could not measure the hydrogen concentrations under 1% efficiently.
In the first report of hydrogen sensor using Pd nanowires [7] , the electrical resistance through Pd nanowires decreases when hydrogen is introduced, even though the resistance of macroscopic Pd sensor is known to increase upon exposure to hydrogen. The report proved this extraordinary fact with atomic force microscope (AFM) images that the decrease of the electrical resistance was In this study, a proto-type hydrogen sensor utilizing Pd nanowire array is fabricated. The Pd nanowire array was prepared by the electrodeposition of Pd into the nanopores of anodized aluminum oxide (AAO) film as a template. Although a few metal nanowire arrays grown into the AAO films has been reported previously [7, 8] , the Pd nanowire array has not been reported yet. Moreover, the utilization of Pd nanowire array for hydrogen detection has not been reported. The Pd nanowire array hydrogen sensor in this study is considered to be unique with regard to the structure, sensing mechanism. A proto-type hydrogen sensor was fabricated as a packaged form and the performance for hydrogen sensing was evaluated.
II. EXPERIMENTAL
A. Processfor AnodizedAluminum Oxide(AAO)
In order to utilize the Pd nanowires for hydrogen detection, the free standing Pd nanowires were first prepared using a silicon substrate. The Pd nanowires are prepared by the following experimental procedure. At first, a 250nm thick Ti (titanium) layer was deposited by the electron-beam evaporation on a Si substrate. The Ti layer is used for preventing the formation of an alumina barrier layer existing at the bottom of nanopores of AAO film after the full anodization [8] , and also the Ti layer serves as a bottom electrode. The Al film was subsequently evaporated on top 1-4244-0376-6/06/$20.00 }2006 IEEE of the Ti layer with a thickness of 1 rtm. After a short electro-polishing step of the Al surface, the Al film was anodized in an oxalic acid solution at 40V to form the AAO film. In case of the Ti layer present at the bottom of Al film, the TiO2 layer is formed at the bottom of AAO nanopores, which could be etched away selectively [8] , so that Ti surface is exposed at the bottom of the nanopores to provide the surface for Pd electrodeposition.
B. Electroplating ofPalladium into AAO pores
The Pd nanowires were then electrodeposited into the nanopores of AAO film using a commercial Pd bath of Palladure 150. The electrodeposition process was found to fill the pores of AAO film from the exposed surface of Ti layer underneath the AAO film. A scanning electron microscopy (SEM) image of the side view of AAO film in the middle of electrodeposition is shown in Fig. 1 . The electrodeposition of Pd was found to occur uniformly on the Si substrate having an area of 1cm2. The free standing Pd nanowires were formed after removing the AAO template subsequently.
continuous and reliable electrical contact between an electrode and palladium nanowire is very important, we have used carbon paper as the electrode in order to achieve gas permitting and continuous electrical contact with palladium nanowire arrays. As the sensing protocol, we measured the change of electrical resistance through the palladium nanowires for various hydrogen concentrations using a sourcemeter (Keithley 2400series). In order to measure the electrical resistance of Pd nanowires, two electrical contacts were formed, one on Ti bottom layer and the other on top of the nanowires, as shown in Fig. 3 . Considering 80nm-diameter Pd nanowires and very narrow gaps between the nanowires, since the wires could swell to about 82nm in diameter theoretically, the introduction of hydrogen to the nanowire array could cause more intimate contacts between the nanowires and in turn cause the decrease in the electrical resistance between the electrodes. C. Fabrication ofa proto-type hydrogen sensor After making palladium nanowire arrays on the silicon wafer, we designed and fabricated a proto-type hydrogen sensor as shown in Fig.2 . In this fabrication process, since f"-./ ryl plate (Fig.5 and Fig.  6 ). However, the CO gas was found to poison severely the Pd nanowires so that the hydrogen sensor eventually stopped working (Fig. 7) . Ti me(s) Figure 7 . Effect of CO gas C. Effect ofgas flow rate We carried out an experiment for hydrogen sensing at 1% hydrogen concentration for various total gas flow rates. The proto-type hydrogen sensor has been found that the total gas flow rate does not affect much the electrical resistance measured both for the sensor's response and recovery. 
